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1
DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2008-0012692, filed on
Feb. 12, 2008, which is hereby incorporated herein by refer-
ence for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device and a
method of manufacturing the same and, more particularly, to
a display device and a simplified process of manufacturing
the same that may minimize the occurrence of defects.

2. Discussion of the Background

There are various types of display devices. Among them,
liquid crystal displays (LCDs) and organic light emitting
displays (OLED), which have been improved in their perfor-
mance and are small and light in line with the rapid develop-
ment of semiconductor techniques, are typical display
devices.

In general, display devices may be manufactured through a
thin film formation process in which a plurality of conductive
layers and insulating layers are sequentially patterned and
stacked. The thin film formation process may include a pho-
toetching process using a mask.

The number of photoetching processes using masks that
are required to manufacture a display device is directly cor-
related with the productivity of the manufacturing method.
Namely, the fewer photoetching processes, the greater the
productivity of the manufacturing process.

Thus, it is desirable to minimize the number of photoetch-
ing processes using masks.

Recently, a method in which a passivation layer, which
covers thin film transistors, and pixel electrodes, which are
generally formed on the passivation layer, are formed using a
single mask has been developed.

However, in a display device manufactured by such a
method, disconnections may occur easily at the pixel elec-
trodes. Suppressing the occurrence of such disconnections
may complicate the processes and make it difficult to form
pixel electrodes with uniform quality.

SUMMARY OF THE INVENTION

The present invention provides a display device that may
have a simplified manufacturing process and minimal
defects.

The present invention also provides a method of manufac-
turing the device.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

The present invention discloses a display device including
a substrate, a thin film transistor (TFT), which includes a gate
electrode, a semiconductor layer, and source and drain elec-
trodes, on the substrate, a passivation layer, which includes an
opening to expose a portion of the drain electrode, on the TFT,
and a pixel electrode directly on the drain electrode and only
within the opening.

The present invention also discloses a display device
including a substrate, gate wirings, which include a gate line

10

15

20

25

30

35

40

45

50

55

60

65

2

and a gate electrode on the substrate, a gate insulating layer
covering the gate wirings, a semiconductor layer on the gate
insulating layer, data wirings on the semiconductor layer, and
a pixel electrode. The data wirings include source and drain
electrodes, each of which has at least one portion overlapping
the gate electrode and is separately formed, and a data line
connected with the source electrode. The pixel electrode is on
the drain electrode, and the drain electrode has an area larger
than the pixel electrode.

The present invention also discloses a method of manufac-
turing a display device including forming gate wirings includ-
ing a gate line and a gate electrode on a substrate, forming a
gate insulating layer covering the gate wirings, forming a
semiconductor layer on the gate insulating layer such that at
least a portion of the semiconductor layer overlaps with the
gate electrode, forming data wirings including source and
drain electrodes, which each have at least one portion over-
lapping with the gate electrode and are spaced from each
other, and a data line on the semiconductor layer, forming a
passivation layer on the data wirings, forming a photosensi-
tive polymer pattern on the passivation layer through a pho-
tolithography process using a mask, etching the passivation
layer using the photosensitive polymer pattern to form an
opening exposing a portion of the drain electrode, forming a
conductive layer on the exposed portion of the drain electrode
and on the photosensitive polymer pattern, and removing the
photosensitive polymer pattern and the conductive layer on
the photosensitive polymer pattern to form a pixel electrode.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is a layout view of a display device according to a
first exemplary embodiment of the present invention.

FIG. 2 is a cross-sectional view taken along line II-II' in
FIG. 1.

FIG. 3, FIG. 4, FIG. 5, and FIG. 6 are cross-sectional views
sequentially showing a method of manufacturing the display
device according to the first exemplary embodiment of the
present invention.

FIG. 7 is a cross-sectional view of a display device accord-
ing to a second exemplary embodiment of the present inven-
tion.

FIG. 8, FIG. 9, FIG. 10, and FIG. 11 are cross-sectional
views sequentially showing a method of manufacturing the
display device according to the second exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The invention is described more fully hereinafter with ref-
erenceto the accompanying drawings, in which embodiments
of'the invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure is
thorough, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the size and relative
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sizes of layers and regions may be exaggerated for clarity.
Like reference numerals in the drawings denote like ele-
ments.

It will be understood that when an element or layer is
referred to as being “on” or “connected to” another element or
layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.

A display device 901 according to a first exemplary
embodiment of the present invention will now be described
with reference to FIG. 1 and FIG. 2. FIG. 1 is a layout view of
a display device according to a first exemplary embodiment
of'the present invention, and FIG. 2 is a cross-sectional view
taken along line II-IT' in FIG. 1.

The display device 901 is a reflective display device that
displays images by reflecting external light. The display
device 901 includes a substrate 110, a thin film transistor
(TFT) 101, a passivation layer 170, and a pixel electrode 180.

The TFT 101 includes a gate electrode 124, a semiconduc-
tor layer 140, a source electrode 165, and a drain electrode
166. The drain electrode 166 has an area larger than that of the
pixel electrode 180. The drain electrode 166 includes an
electrode part 1661 facing the source electrode 165 and a
pixel part 1662 extending from the electrode part 1661 and
disposed under the pixel electrode 180.

The passivation layer 170 covers the TFT 101 and has an
opening 171 exposing a portion of the drain electrode 166.

The pixel electrode 180 is disposed on the drain electrode
166 and only in the opening 171 of the passivation layer 170.
Thus, the entire pixel electrode 180 overlaps with the pixel
part 1662 of the drain electrode 166.

The pixel electrode 180 may be made of a reflective mate-
rial having relatively good reflexibility, such as aluminum
(Al), silver (Ag), or gold (Au). Because the display device
901 is a reflective display device, the use efficiency of light
may be increased if the pixel electrode 180 has high reflex-
ibility. However, the present invention is not limited thereto.
Thus, the pixel electrode 180 may be made of various other
conductive materials.

The display device 901 further includes a storage electrode
line 128, which may be on the same layer as the gate electrode
124 and made of the same material as the gate electrode 124.
The pixel electrode 180 forms a capacitor by overlapping
with the storage electrode line 128 together with the drain
electrode 166.

In addition, although not shown, the display device 901
may further include a connection member and a connecting
member, which may be formed together and may be made of
the same material as the pixel electrode 180. The connecting
member connects separated wirings according to a bridge
method, and the connection member is connected with com-
ponents, such as a flexible printed circuit film or a driving
integrated circuit (IC) chip.

The structure of the display device 901 will now be
described in detail based on the stacking order with reference
to FIG. 2.

The substrate 110 may be formed of various insulating
substrates, which may be made of glass, quartz, ceramic, or
plastic. Also, an insulation-processed metal plate may be used
as the substrate 110. Here, the substrate 110 does not need to
be transparent. Namely, the substrate 110 may be opaque.

Gate wirings, which include a gate line 121 (see FIG. 1),
the gate electrode 124, and the storage electrode line 128, are
disposed on the substrate 110. The gate wirings may be made
of metals, such as Al, Ag, Cr, Ti, Ta, Mo, or their alloys. In
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FIG. 2, the gate wirings are shown as a single layer, but the
gate wirings may have multiple layers including a metal layer
of Cr, Mo, Ti, Ta, or their alloys having good physical and
chemical characteristics and an Al-based or Ag-based metal
layer having low resistivity. Alternatively, the gate wirings
may be made of various other metals or conductors and may
include multiple layers that can be patterned under the same
etching conditions.

A gate insulating layer 130, which may be made of silicon
nitride (SiN,), is disposed on the gate wirings.

Data wirings, which include a data line 161 (in FIG. 1)
insulated from the gate line 121 and crossing the gate line 121,
a source electrode 165 having at least one region overlapping
with the gate electrode 124, and a drain electrode 166 spaced
apart from the source electrode 165 and having at least one
region overlapping with the gate electrode 124, are disposed
on the gate insulating layer 130. The drain electrode 166
includes the electrode part 1661 facing the source electrode
165 and the pixel part 1662 extending from the electrode part
1661 and disposed under the pixel electrode 180.

Like the gate wirings, the data wirings may also be made of
a conductive material such as chromium, molybdenum, alu-
minum, or their alloy, and may include a single layer or
multiple layers.

The semiconductor layer 140 is disposed on a portion of the
gate insulating layer 130 and under the source electrode 165
and the drain electrode 166. Here, the gate electrode 124, the
source electrode 165, and the drain electrode 166 are three
electrodes of the TFT 101. The semiconductor layer 140
between the source electrode 165 and the drain electrode 166
serves as a channel region of the TFT 101. Here, the TFT 101
is not limited to the structure shown in the accompanying
drawings and may have various other structures.

Ohmic contact layers 155 and 156 are disposed between
the semiconductor layer 140 and the source and drain elec-
trodes 165 and 166 in order to reduce contact resistance
therebetween. The ohmic contact layers 155 and 156 may be
made of silicide or amorphous silicon in which n-type impu-
rities are doped with high density.

The passivation layer 170, which may be made of an inor-
ganic insulating material, such as silicon nitride or silicon
oxide, or an insulating material with a small dielectric con-
stant (low-k), such as a-Si:C:O, a-Si:O:F, formed through
plasma enhanced chemical vapor deposition (PECVD), is
disposed on the data wirings. The passivation layer 170
includes the opening 171 exposing a portion of the drain
electrode 166.

The pixel electrode 180 is disposed on the drain electrode
166 in the opening 171 of the passivation layer 170. Here, the
drain electrode 166 exposed via the opening 171 of the pas-
sivation layer 170 may be covered by the pixel electrode 180
in the manufacturing process. Namely, the area of the opening
171 of the passivation layer 170 is substantially equivalent to
that of the pixel electrode 180.

The pixel electrode 180, which may be made of a metal
film, such as aluminum (Al), silver (Ag), or gold (Au), witha
relatively good reflexibility or a transparent conductor, such
as Indium Tin Oxide (ITO) or Indium Zinc Oxide (IZO). In
order to increase the use efficiency of light, the pixel electrode
180 may be made of a material with good reflexibility.

The pixel electrode 180 overlaps with the storage electrode
line 128 together with the drain electrode 166, to form a
capacitor.

Although not shown, the display device 901 may further
include a liquid crystal layer, common electrodes, and color
filters, an organic light emitting diode, or an electrophoretic
display unit.
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The display device 901 may be manufactured through a
simple manufacturing process, improving productivity and
minimizing the occurrence of defects.

Namely, because the pixel electrode 180 does not overlap a
step of an edge of the drain electrode 166, the pixel electrode
180 may not have a defect, such as disconnections at the bent
portion, generated by the step of the lower layer.

Although, the pixel electrode 180 may overlap the gate
wirings and the storage electrode line 128, because several
layers exist between the pixel electrode 180 and the gate
wirings, the pixel electrode 180 may not have a substantial
defect, such as disconnections.

The passivation layer 170 having the opening 171 and the
pixel electrode 180 may be formed through a photoetching
process using a single mask, so the display device 901 may be
manufactured through a simple manufacturing process.

The manufacturing process of the display device 901
according to the first exemplary embodiment of the present
invention will now be described with reference to FIG. 3, F1G.
4, FIG. 5, and FIG. 6.

FIG. 3,F1G. 4, FIG. 5, and FIG. 6 are cross-sectional views
sequentially showing a method of manufacturing the display
device according to the first exemplary embodiment of the
present invention.

First, as shown in FIG. 3, the TFT 101, which includes the
gate electrode 124, the semiconductor layer 140, the source
electrode 165, and the drain electrode 166, is formed on the
first substrate member 110. Here, the TFT 101 is not limited
to having the structure shown in the accompanying drawings
and may have various other known structures.

Thus far, a photoetching process using a mask has been
performed three times. The photoetching process includes a
photolithography process using a mask and an etching pro-
cess using a photosensitive polymer pattern formed through
the photolithography process. Namely, the photoetching pro-
cess refers to a process of forming the photosensitive polymer
pattern through the photolithography process and patterning
the thin film through the etching process using the photosen-
sitive polymer pattern. Here, the photolithography process
includes an exposing and developing process, and the thin
film includes all of a conductive layer, an insulating layer, an
inorganic film, and an organic film.

In detail, the photoetching process using a first mask is
performed when forming the gate wirings, which include the
gate electrode 124 and the storage electrode line 128. The
photoetching process using a second mask is performed when
patterning the semiconductor layer 140. The photoetching
process using a third mask is performed when forming the
data wirings, which include the source electrode 165 and the
drain electrode 166.

Next, as shown in FIG. 4, the passivation film 170 is formed
to cover the TFT 101, and the photosensitive polymer pattern
700 is formed on the passivation layer 170 through a photo-
lithography process using a fourth mask.

Thereafter, as shown in FIG. 5, the opening 171 is formed
to expose a portion of the drain electrode 166 of the TFT 101
using the photosensitive polymer pattern 700.

Then, as shown in FIG. 6, a conductive layer 185 is formed
on the portion of the drain electrode 166 exposed via the
opening 171 and on the photosensitive polymer pattern 700.

The conductive layer 185 may be made of a metal film,
such as aluminum (A), silver (Ag), or gold (Au), having good
light reflexibility, or may be made of a transparent conductor,
such as ITO or 1ZO.

Thereafter, the photosensitive polymer pattern 700 and the
conductive layer 185 formed on the photosensitive polymer
pattern 700 are removed to form the pixel electrode 180, as
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shown in FIG. 2. Namely, the conductive layer 185, which has
not been removed together with the photosensitive polymer
pattern 700, becomes the pixel electrode 180.

The pixel electrode 180 is formed on the drain electrode
166 only in the opening 171 of the passivation layer 170. The
drain electrode 166 is formed to be larger than the pixel
electrode 180 and includes the electrode part 1661 facing the
source electrode 165 and the pixel part 1662 disposed under
the pixel electrode 180. The entire pixel electrode 180 over-
laps with the pixel part 1662 of the drain electrode 166.
Namely, the drain electrode 166 exposed via the opening 171
of the passivation layer 170 is covered by the pixel electrode
180.

In addition, the storage electrode line 128, which may
made of the same material as the gate electrode 124, is formed
on the same layer on which the gate electrode 124 is formed.
The pixel electrode 180 forms a capacitor by overlapping
with the storage electrode line 128 together with the drain
electrode 166.

Thus, because the passivation layer 170 having the opening
171 and the pixel electrode 180 are formed through a photo-
etching process using a single mask, the manufacturing pro-
cess may be simplified. At this time, the display device 901 is
formed through a total of four photoetching processes.

In addition, the pixel electrode 180 does notto overlap with
the data wirings, in particular, with the step of the edge of the
drain electrode 166. Accordingly, the pixel electrode 180 may
be stably formed without a bent portion caused by the drain
electrode 166. Namely, the pixel electrode 180 may be pre-
vented from having a defect, such as disconnections, that may
be caused by a protrusion of the lower layer.

FIG. 7 is a cross-sectional view of a display device 902
according to a second exemplary embodiment of the present
invention.

The display device 902 according to the second exemplary
embodiment of the present invention will now be described
with reference to FIG. 7.

As shown in FIG. 7, the display device 902 according to the
second exemplary embodiment of the present invention
includes a gate electrode 124, a storage electrode line 128, a
gate insulating layer 130 formed on the substrate 110, a
semiconductor layer 141, a source electrode 165, a drain
electrode having an area larger than the pixel electrode 180,
ohmic contact layers 155 and 156 positioned between the
source and drain electrodes 155 and 156 and the semiconduc-
tor layer 141, and a passivation layer 170 having the opening
171. This structure is substantially the same as that in the first
exemplary embodiment, as shown in FIG. 2.

According to the second exemplary embodiment of the
present invention, the semiconductor layer 141, the ohmic
contact layers 155 and 156, and the data wirings 161, 165, and
166 may have the same pattern at portions except for in a
channel region of the TFT 101.

The display device 902 may be manufactured through a
simpler manufacturing process, so the productivity may be
improved and the occurrence of defects (defective propor-
tion) can be minimized.

The semiconductor layer 141, the ohmic contact layers 155
and 156, and the data wirings 161, 165, and 166 may be
formed together through a photoetching process using a
single mask, so the display device 902 may be manufactured
through a simplified manufacturing process.

The manufacturing process of the display device 902
according to the second exemplary embodiment of the
present invention will now be described with reference to
FIG. 8, FIG. 9, FIG. 10, and FIG. 11.
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FIG. 8, FIG. 9, FIG. 10, and FIG. 11 are cross-sectional
views sequentially showing a method of manufacturing the
display device according to the second exemplary embodi-
ment of the present invention.

First, as shown in FIG. 8, gate wirings, which include the
gate electrode 124 and the storage electrode line 128, the gate
insulating layer 130 to cover the gate wirings, the semicon-
ductor layer 141 having at least a portion overlapping with the
gate electrode 124 on the gate insulating layer 130, and the
data wirings including the source and drain electrodes 165
and 166, which each have at least a portion overlapping with
the gate electrode 124 and are spaced apart from each other,
and the data line (see FIG. 1) connected with the drain elec-
trode 166 and the source electrode 165 on the semiconductor
layer 141 are formed on the first substrate 110. Here, the gate
electrode 124, the source electrode 165, and the drain elec-
trode 166 are three electrodes of the TFT 101. The semicon-
ductor layer 141 between the source electrode 165 and the
drain electrode 166 serves as a channel region of the TFT 101.

Thus far, the photoetching process using masks has been
performed twice. In detail, the photoetching process using a
first mask is performed in the process of forming the gate
wirings including the gate electrode 124 and the storage elec-
trode line 128. The photoetching process using a second mask
is performed in the process of patterning the semiconductor
layer 141, the ohmic contact layers 155 and 156, and the data
wirings 161, 165, and 166. In order to form the channel region
of the TFT 101, the second mask may have a slit pattern.
Namely, a photosensitive polymer pattern layer having por-
tions with different thicknesses is formed through partial
exposure using the mask with the slit pattern, the semicon-
ductor layer 141, the ohmic contact layers 155 and 156, and
the data wirings 161, 165, and 166 are patterned through an
etching process using the photosensitive polymer pattern
layer, and then, the channel region of the TFT 101 is formed.
The semiconductor layer 141, the ohmic contact layers 155
and 156, and the data wirings 161,165, and 166, except for the
channel region of the TFT 101, may have the same pattern.

Next, as shown in FIG. 9, the passivation layer 170 is
formed to cover the TFT 101, and the photosensitive polymer
pattern 700 is formed on the passivation layer 170 through a
photolithography process using a third mask.

Subsequently, as shown in FIG. 10, the opening 171 expos-
ing a portion of the drain electrode 166 of the TFT 101 is
formed using the photosensitive polymer pattern 700.

Thereafter, as shown in FIG. 11, the conductive layer 185 is
formed on the drain electrode 166 exposed via the opening
171 and on the photosensitive polymer pattern 700.

The conductive layer 185 may be made of a metal film such
as aluminum (A), silver (Ag), or gold (Au), having good light
reflexibility, or may be made of a transparent conductor, such
as ITO or IZ0O.

Thereafter, the photosensitive polymer pattern 700 and the
conductive layer 185 formed on the photosensitive polymer
pattern 700 are removed to form the pixel electrode 180, as
shown in FIG. 7. Namely, the conductive layer 185 that has
not been removed together with the photosensitive polymer
pattern 700 becomes the pixel electrode 180.

The pixel electrode 180 is formed directly on the drain
electrode 166 only in the opening 171 of the passivation layer
170. The drain electrode 166 is larger than the pixel electrode
180 and includes the electrode part 1661 facing the source
electrode 165 and the pixel part 1662 disposed under the pixel
electrode 180. Substantially the entire pixel electrode 180
overlaps with the pixel part 1662 of the drain electrode 166.
The portion of the drain electrode 166 that is exposed via the
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opening 171 of the passivation layer 170 is substantially
covered by the pixel electrode 180.

In addition, the storage electrode line 128, which may be
made of the same material as the gate electrode 124, is formed
on the same layer as the gate electrode 124. The pixel elec-
trode 180 forms a capacitor by overlapping with the storage
electrode line 128 together with the drain electrode 166.

Thus, because the passivation layer 170 having the opening
171 and the pixel electrode 180 are formed through a photo-
etching process using a single mask, the manufacturing pro-
cess may be simplified. In this case, the display device 902 is
formed through a total of three photoetching processes, and
so the manufacturing process may be further simplified.

In addition, the pixel electrode 180 does not overlap with
the data wirings, in particular, with a step of an edge of the
drain electrode 166. Accordingly, the pixel electrode 180 may
be stably formed without a bent portion caused by the drain
electrode 166. Namely, the pixel electrode 180 may be pre-
vented from having a defect, such as disconnections, that may
be caused by a protrusion of the lower layer.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A display device, comprising:

a substrate;

a thin film transistor (TFT) disposed on the substrate and
comprising a gate electrode, a semiconductor layer, a
source electrode, and a drain electrode;

apassivation layer disposed on the TFT and comprising an
opening to expose a portion of the drain electrode; and

a pixel electrode directly on the drain electrode and only
within the opening,

wherein the drain electrode covers a larger portion of the
substrate than the pixel electrode.

2. The device of claim 1, wherein the drain electrode com-
prises an electrode part facing the source electrode and a pixel
part extending from the electrode part and disposed below the
pixel electrode.

3. The device of claim 2, wherein the pixel electrode
entirely overlaps the pixel part of the drain electrode.

4. The device of claim 3, wherein the pixel electrode com-
prises one or more of aluminum (Al), silver (Ag), and gold
(Au).

5. The device of claim 1, further comprising a storage
electrode line disposed on the same layer as the gate elec-
trode, the storage electrode line overlapping the pixel elec-
trode and the drain electrode to form a capacitor.

6. The device of claim 1, wherein the device is a reflective
display device that displays an image when the pixel elec-
trode reflects external light.

7. The device of claim 1, wherein a perimeter of a top
surface of the pixel electrode is contained entirely within a
perimeter of a top surface of the drain electrode in a plan view.

8. The device of claim 1, wherein all opposing surfaces of
the pixel electrode and the drain electrode directly contact one
another.

9. A display device, comprising:

a substrate;

gate wirings disposed on the substrate and comprising a
gate line and a gate electrode;

a gate insulating layer covering the gate wirings;
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a semiconductor layer disposed on the gate insulating

layer;

data wirings disposed on the semiconductor layer, the data

wirings comprising a source electrode and a drain elec-
trode, which each comprise at least one portion overlap-
ping with the gate electrode and are separately formed,
and a data line connected with the source electrode; and
a pixel electrode disposed on the drain electrode; and
a storage electrode line disposed on the same layer as the
gate electrode, the storage electrode line overlapping
with the pixel electrode and the drain electrode to form
a capacitor,

wherein the area of an entire top surface of the drain elec-
trode is larger than the area of an entire top surface of the
pixel electrode.

10. The device of claim 9, further comprising a passivation
layer disposed on the data wirings and comprising an opening
to expose a portion of the drain electrode.

11. The device of claim 10, wherein the pixel electrode is
disposed on the exposed portion of the drain electrode.

12. The device of claim 9, wherein the semiconductor layer
is positioned between the storage electrode line and the drain
electrode.

13. The device of claim 9, wherein a perimeter of the top
surface of the pixel electrode is contained entirely within a
perimeter of the top surface of the drain electrode in a plan
view.

14. The device of claim 9, wherein a lowermost surface of
the pixel electrode is directly formed on only the drain elec-
trode.
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